ning to appear (see Forbes & Allendorf 1991; Paige et al. 1991; Cruzan & Arnold 1993 , 1994 Scribner & Avise 1993 , 1994a Abernathy 1994; for recent examples) . In this paper we apply some of these methods to hybridizing populations of two chromosome races of lizards of the Sceloporus grammicus complex.
The Sceloporus grammicus complex includes at least seven chromosomally distinct populations distributed across the high deserts and mountain forests of central Mexico (Arévalo et al. 1991) . Distributional studies have identified a number of hybrid zones between several different combinations of races (Hall & Selander 1973; Arévalo et al. 1993; Sites et al. 1993) , of which the 'Tulancingo' transect has been investigated in further detail Reed et al. 1995a,b; . This zone is a secondary contact between two distantly related races (Arévalo et al. 1994 ) -F5 (2n = 34) and FM2 (2n = 45-46) -that can be unambiguously diagnosed by fixed fission differences at autosomal chromosomes (see Fig. 2 of Sites et al. 1995) . Sites et al. (1995) used maximum likelihood methods to estimate the shape and width of this zone on the basis of the distribution of genotypes of the three diagnostic chromosome markers in a 7 × 3-km area in which all lizards had been mapped on a microgeographic scale. This analysis showed that: (i) the zone is subdivided into a juxtaposed series of local patches, but with a significant association between the habitat on which an individual was caught and its karyotype (F5 chromosomes are more likely to be associated with oak); (ii) the zone is extremely narrow (c. 830 m, support limits 770-930 m) relative to the average dispersal distance of individual lizards (80-160 m/generation); and (iii) the clines generally are strongly coincident (centred in the same place) and concordant (approximately the same width) for all three markers. Further, strong dilocus nuclear linkage disequilibrium (D) and heterozygote deficits (F is ) were evident across the entire region of admixture, but this was in part due to the spatial scale (7 × 3 km) over which samples were pooled. Varying the spatial scale, however, revealed threshold distances at which D and F is increased sharply from low to high values. The general pattern is that, within an area of a few hundred metres, populations are in Hardy-Weinberg equilibrium for the chromosomes, but nevertheless contain strong associations between all pairs of these markers. The strong disequilibria among unlinked markers in a local area may be maintained by selection favouring certain gene combinations, continued dispersal of parental genotypes into the zone, and/or assortative mating based on an epistatic interaction between the two markers (Arnold et al. 1988; Arnold 1993; Barton & Gale 1993) . Genetic drift can also operate in the absence, or in combination with, any of these factors to produce significant disequilibrium (Weir & Hill 1980) . In this study we extend the analysis of Sites et al. (1995) by estimating the cytonuclear disequilibria across the Tulancingo transect between the alternative alleles and genotypes at each of the three marker chromosomes, and the alternative mtDNA haplotypes diagnostic for each race. Sites et al. (1995) suggested that deterministic factors, particularly natural selection and/or the steady influx of parental genotypes from both sides of the hybrid zone, along with some influence of genetic drift, were the primary forces influencing the structure of this contact. Here we investigate the extent to which the observed nuclearmtDNA structure (the joint frequencies as well as the disequilibria) can be accounted for by one or more of the above-mentioned forces.
Different forces, either singly or in combination, may produce identical patterns of cytonuclear disequilibria in a hybrid zone, but the use of multiple pairwise tests at several unlinked loci (in this case the three pairs of chromosomes) should permit discrimination between the operation of locus-specific vs. genome-wide forces. Continued immigration from the two parental populations, for example, will generate permanent cytonuclear disequilibria for any pair of diagnostic nuclear and cytoplasmic markers whether mating is random or not (Asmussen et al. 1989) . Moreover, this form of gene flow has a genome-wide effect which should be reflected by concordant disequilibrium patterns across all diagnostic loci. Much the same consequences are found with refined epistatic mating as modelled by Asmussen et al. (1989) . Under this mating system, parental females are assumed to mate preferentially with like males; in effect, mating propensity involves an epistatic interaction between the cytotype and the multilocus nuclear genotype characteristic of each pure parental population. This kind of assortative mating will not by itself generate permanent cytonuclear disequilibria, but it will uniformly reinforce and influence disequilibria generated by other forces at diagnostic markers.
Genome-wide forces such as parental gene flow and assortative mating based upon species (race) status should be clearly distinguishable from those acting primarily on single loci or chromosome segments which lead to discordant, locus-specific or chromosome-specific disequilibrium patterns. For example, natural selection may operate differentially on the chromosomes, as is the case in this hybrid zone with respect to male meiotic segregation at chromosome 2 vs. chromosomes 1 and 6 (Reed et al. 1995a,b) . If chromosome-specific selection is primarily responsible for the structure of the Tulancingo zone, then cytonuclear disequilibria should be discordant at the relevant marker, and this should be evident anywhere in the zone so long as these forces predominate. Genetic drift may also produce locus-specific disequilibria, especially in a mosaic hybrid zone (Arnold 1993) , but the pattern is expected to reflect the stochastic nature of the process.
Because this zone is spatially structured , estimates of cytonuclear disequilibria are likely also to be scale dependent. We therefore assess the effects of varying spatial scale on these estimates, beginning first by considering the entire 7 × 3-km area as a single 'hybrid swarm' sample, and then working downward to smaller scales. We also quantify the extent to which the cytonuclear structure at these various scales can be accounted for by continued gene flow from the two parental races. This is done within the theoretical framework developed by Asmussen et al. (1989) , assuming first parental gene flow alone, with hybrid zone matings random with respect to cytonuclear genotype, and then parental gene flow in conjunction with refined epistatic mating. Although results from the prior nuclear-based study of Sites et al. (1995) suggest that random mating should be found at the smaller sampling scales, assortative mating based on species (race) status is considered a possibility in the Tulancingo zone because of the general pattern of pronounced sexual dichromatism, territoriality, and diurnal courtship behaviours characterized by extensive use of visual signals typical of most species of Sceloporus, and including all races of the S. grammicus complex (see Sites et al. 1992 for a general review).
We stress that we are attempting to set forth some alternative explanations for observed patterns of cytonuclear disequilibria, and then to determine the extent to which these can be discriminated when different classes of models are applied to geographical scales approximating those of local neighbourhoods. Because the forces structuring hybrid zones are not necessarily mutually exclusive, and the influences of natural selection and spatial structure on cytonuclear disequilibria have only begun to receive attention from investigators (Arnold 1993) , we recognize that our models are a first-stage analysis and may not explain all aspects of the observed cytonuclear structure of the Tulancingo zone.
Materials and Methods

Study population
This contact is one of several zones of parapatric hybridization known in central Mexico (see Fig. 1 in Arévalo et al. 1993) , and was selected for detailed study because of ease of access and the pronounced karyotypic differences between the F5 and FM2 races . The study area extends through a small valley orientated along an east-west axis, just west of the town of Tulancingo in the state of Hidalgo. The general location and structure of this zone was determined from collections made in 1985 and 1986 , and for the present study, a total of 342 lizards was collected in the field in June and July of 1989. Surveying equipment was used to map all capture points on individual quadrat maps prepared in the field, and all animals were plotted on these maps (23 total) on a scale of 1 : 1000. A habitat score was recorded for substrates from which all animals were taken, as described by Sites et al. (1995) . Figure 1 shows the region of the study, the location and arrangement of individual quadrat maps, and the approximate shape of the hybrid zone as defined by the diagnostic chromosome markers, and as estimated by maximum likelihood methods . Note that the very irregular shape of the hybrid zone (defined by the zigzag line in Fig. 1 ) reflects a broad mixing of genotypes across much of the 7 × 3-km area that Fig. 1 Location of hybrid zone west of the town of Tulancingo, Hidalgo, Mexico; the area is bounded by the small farming communities of Matias Rodriguez to the west, and Santiago Tulantepec to the east. The open circles and squares represent sampling localities well outside of the region of admixture, characterized by lizards scored as pure F5 and FM2, respectively, at all chromosomal and mtDNA markers. The region within the dotted line shows the placement of the 23 quadrats from which the study sample of 342 lizards was collected and mapped in 1989, and the solid zigzag line shows the approximate location of the clines for all three diagnostic chromosomes, as estimated by Sites et al. (1995) . was intensively mapped. Sites et al. (1995) provide more detail on sampling and mapping procedures, and the exact locations of individual lizards on the quadrats are available from the first author upon request.
Collection and characterization of genetic markers
Lizards were processed for mitotic karyotypes as described by Porter & Sites (1985) , and samples of several tissue types were simultaneously dissected and stored in liquid nitrogen for molecular studies. All specimens were then prepared as fluid-preserved museum vouchers and catalogued into one of four different research collections (details given in Sites et al. 1995) . The 1989 specimens were all deposited in research collections in either the M.L. Bean Museum at Brigham Young University (BYU), or the Instituto de Biología (Herpetología) at the Universidad Nacional Autónoma de México (IBH).
The F5 race is characterized by a fixed condition for biarmed (meta-or submetacentric) morphologies at chromosomes 1, 2 and 6. This morphology is designated by 'A', so a homozygote is registered as genotype AA. Similarly, the FM2 race is characterized by a fixed condition for all acrocentric elements at these same chromosomes, and this morphology is coded as 'B'. (One rare pericentric inversion recorded as 'C' is also unique to the F5 race in quad 1.) Chromosome 2 is unique in that two rearrangements have been fixed in the FM2 race, so the parental condition is registered as 'B d ' ('double fission'), and several recombinant morphologies (coded R c or R q ) are unique to this marker (see Fig. 2 in Sites et al. 1995; for details) . In this manner, unambiguous rearrangements at all three chromosome pairs are treated as alternate alleles (A and B) segregating at unlinked Mendelian loci.
The hybrid index (HI) was used to numerically score chromosomal genotypes, as described by Sites et al. (1995) . The HI is based on the number of biarmed chromosomes at the three unambiguous chromosomes described above, with a value of 1 assigned to each of these single markers. HI scores therefore may range from 0 for pure FM2 chromosomal genotypes (BB/B d B d /BB, or 00/00/00), to 8 for pure F5 chromosomal genotypes [AA/AA/AA, or 11/22/11 (chromosome 2 has two rearrangements, so a 1 is assigned separately to each)]. An F 1 -like genotype would be heterozygous for all three chromosomes, and have a HI of 4 (AB/AB d /AB, or 10/20/10).
Total genomic DNA was extracted by powdering 100 mg of tissue in liquid nitrogen using a prechilled mortar and pestle, followed by suspension of the powder in a 1 : 20 ratio with STE (1.0 M NaCl, 0.05 M Tris, 0.001 M EDTA; pH 7.5). Lysis was accomplished by Proteinase K/SDS digestion at 55°C, and followed by two phenol : chloroform extractions (Sambrook et al. 1989) . Samples were precipitated in 2.5 volumes of EtOH and 0.1 volume of 2 M NaCl.
Two different regions of the mtDNA genome were amplified via PCR for restriction digests with the following pairs of primers. Primers 'PI-Eco' (5′-GGG AAT TCG ATA CTG ACA CTT CGT TGA CGT-3′) and 'ND3 Rev' (5′-GGG TCA AAT CCA CAT TC[AG]TA-3′) anneal at positions 9688-9703 and 9944-9925 of the bovine sequence, respectively. This amplification product will be referred to as the 'Eco/ND3' fragment elsewhere in this paper. Primers 'ND4' (5′-TAC GAC AAA CAG ACC TAA AAT C-3′) and 'Leu' (5′-CAT TAC TTT TAC TTG GAT TTG CAC CA-3′) anneal at positions 11165-11196 and 12086-12111, respectively. This product will be referred to as the 'ND4/Leu' fragment. These primers were designed from complete sequences of both of these regions for single individuals of each chromosome race, and all alignments (to the bovine reference of Anderson et al. 1982) and primer locations are given in Arévalo et al. (1994) .
All PCR reactions were carried out in a 100-µL solution made up of 85 µL sterile H 2 O, 10 µL of 10x Taq poly-merase buffer (containing 1.5 µM MgCl 2 ), 0.5 µL of Taq DNA polymerase, 1 µL of dNTPs (at a final concentration of 10 µM), 1 µL of DMSO, 1 µL of DNA extract, and 1 mL of each primer. Each reaction was overlaid with paraffin oil. All PCR reactions were carried out in a Perkin Elmer Cetus thermocycler with the following cycle parameters: a denaturation step of 93°C for 30 s, 50°C at 30 s for annealing the primers, and then ramping for 4 min into a 72°C extension for 1 min. This sequence was repeated for 35 cycles, always with negative controls, and then terminated with a final extension reaction at 72°C for 10 min. PCR products were checked on a 0.8% agarose gel, and cleaned with the addition of 8 mL of 2 M NaCl, followed by a gentle mixing with 200 µL of 200 proof EtOH, and overnight storage at -20°C. After precipitation the DNA was pelleted, spun dry, and then resuspended in 60-80 µL of doubledistilled/deionized (d 2 ) H 2 O for restriction digests.
All restriction digests were prepared in 50 µL reactions that included 20 µL of the resuspended DNA sample, 20 µL of d 2 H 2 O, 5 µL of enzyme buffer, 1 µL of enzyme, and 5 µL of BSA buffer. Digests were incubated at either 37 or 55°C for 3 h, and several enzymes were used to digest each of the two PCR products. Digestions were discontinued when one diagnostic enzyme was found for each fragment, and all were scored visually from photographs made from 2.0% agarose gels run overnight, and stained with ethidium bromide.
Statistical analyses
The first step in analysing these data is to test for nonrandom associations between the cytoplasmic (or mtDNA) haplotypes and the nuclear alleles and genotypes. This was done by estimating the cytonuclear disequilibrium statistics defined by Asmussen et al. (1987) , and performing the asymptotic tests of the null hypothesis of no-disequilibria developed in Asmussen & Basten (1994) . As a byproduct of this procedure, tests were simultaneously made for departures from Hardy-Weinberg frequencies at the nuclear markers following Weir (1990) . The results from these large-sample tests were then refined by implementing an exact test of cytonuclear disequilibria based on the algorithm of Zaykin & Pudovkin (1993) . Sites et al. (1995) showed that, despite strong heterozygote deficits and linkage disequilibria, there was no bimodal distribution of hybrid index scores (plotted as frequency histograms for all quadrats, see Fig. 3 in that paper) across the entire central area. Some level of hybridization or backcrossing was evident in all quadrats except 2-4, and because the F5 and FM2 races are virtually continuously distributed east and west of the central area, respectively, they likely provide the ultimate source of new parental types feeding into the zone over a broad area. For this reason, we treated the entire 7 × 3-km area as a single region of admixture in the first round of analysis.
To assess the influence of varying spatial scale on the cytonuclear disequilibrium estimates, we then repeated the above analyses for subsets of quadrats at two different points along the hybrid zone boundary. Intermediate spatial scales were represented by two regions, one sampled from the eastern, and one from the western edge of the zone, and then within each of these, further reductions in spatial scale were included by selection of single quadrats. The eastern subsample included quads 8-10 and 22 (n = 70 lizards), and then quad 8 alone (n = 16, see Fig. 1 ). At the western side of the zone, the intermediate subset of animals included quads 15-17 (n = 48 lizards), and the smallest subset included only quad 15 (n = 18). In all cases, the subsamples selected included parental or near-parental genotypes, as well as F 1 -like and recombinant genotypes. These subsets of lizards taken from successively smaller geographical scales represent an attempt to sample close to the scale of random mating units estimated by Sites et al. (1995) , subject to the need for sample sizes with sufficient statistical power to detect cytonuclear disequilibria.
For all spatial scales with adequate statistical power, we then fit a hierarchical series of migration models, with and without refined epistatic mating, to the data. This was carried out using the maximum likelihood procedure developed by Asmussen et al. (1989) to determine to what extent the observed cytonuclear structure in these areas could be explained by continued gene flow from the two parental races. The standard errors for the resulting estimates of migration and assortative mating were obtained through bootstrap analyses of 1000 resamplings of the data. Goodness-of-fit to each model was measured by Gstatistics, as described in Asmussen et al. (1989) .
The parameter estimates depend strongly on whether a census is carried out before or after reproduction by immigrants (Asmussen et al. 1989) . Because of the known biology of these organisms, we were able to restrict our attention here to models with censuses after migration and before mating ('census before mating'). The collection of 342 lizards used in this study was carried out in June/July (of 1989), and contained only adult and subadult animals. Virtually all adult males showed moderate to high levels of meiotic activity, and no adult females contained enlarged follicles or embryos. A second collection of lizards made in February 1991 (not used in this study) consisted entirely of adults, with no males showing testicular activity, and all females were gravid with moderately to well-developed embryos. The reproductive cycles of these races thus correspond to those of populations studied in other localities, and these without exception show that testicular and ovarian activities are synchronized to autumn mating followed by spring parturition (Axtell & Axtell 1970; Guillette & Casas-Andreu 1980 , 1981 Ortega & Figure 2 illustrates digestion profiles for the mtDNA Eco/ND3 and ND4/Leu amplification products, for parentals of both races taken from well outside of the hybrid zone. The parental F5 and FM2 animals can be unambiguously diagnosed by single enzyme digests of each fragment, and because these are new data, we briefly describe the fragment profiles. The F5 race possesses a single BstNI restriction site which cuts the 996 bp Eco/ND3 fragment into two pieces of ≈ 700 and 296 bp. In contrast, the FM2 race does not contain any BstNI restriction sites and can be unambiguously distinguished from the F5 digestion profile on ethidium bromide stained gels (compare lanes 1 and 2 with 3 and 4, in Fig. 2) . Similarly, the 964-bp ND4/Leu fragment is also characterized by racespecific differences in HinfI digestion profiles. The FM2 race cuts at one position to yield fragments of 874 and 90 bp (only the larger of these is visible, lanes 9 and 10 in Fig. 2 ). The F5 race could be diagnosed by two digestion profiles on the basis of three different restriction sites, none of which was shared with FM2. One digest pattern, F5 type A, produced fragments of 711, 163 (118 + 45 bp from type B below) and 90 bp (lanes 5 and 7 in Fig. 2) , and the second (F5 type B) produced fragments of 801 (711 + 90 from type A above), 118 and 45 bp (lanes 6 and 8 in Fig. 2 ). All lizards were scored as either F5 or FM2 independently for each fragment, and comparisons of score sheets revealed mutually concordant support for the two haplotype groups. We therefore report all individuals as either possessing diagnostic F5 (M) or FM2 (m) mtDNA haplotypes, based on the independently scored digestion profiles of the Eco/ND3 and ND4/Leu PCR products. The 'FM2-like' chromosomal genotypes dominate the northern and north-western parts of the contact zone (quads 9-13 in Fig. 1) , where HIs range mostly from 0 to 2, with a few in the 3-5 range (Table 1) . With six exceptions (two animals in quad 9 and four in quad 10), these lizards are all characterized by the FM2 mtDNA haplotype (m). Almost all of these animals were collected from either Agave/Opuntia vegetation, or rock/stone structures, reflecting the very different habitat in this region. As shown in Fig. 1 , this distribution of parental genotypes produces an irregular 'horse-shoe' or 'U-shaped' hybrid zone, in which moderate to extensive hybridization characterizes most of the central portion of the transect (see also Sites et al. 1995) . for the three mtDNA-chromosome combinations scored from the 342 S. grammicus used in this study. Given the irregular shape of the hybrid zone throughout the 7 × 3-km area, it is not surprising that a substantial proportion of individuals represent non-parental combinations. Table 2 ), and then in the subsets of 70, 48,16, and18 lizards. The * indicates a value significant at P < 0.05, and ** indicates a highly significant value (P < 0.01), based on a Bonferroni correction for multiple tests 0.12 and 0.14 fractions of the totals for chromosomes 1, 2 and 6, respectively. These raw figures alone suggest substantial departures from expectations under random associations, at least across the total region of hybridization. Table 3 summarizes the cytonuclear disequilibrium estimates and statistical tests for their significance levels, first for the entire sample of lizards, and then for the four subsets taken from different parts of the zone. Also included are the normalized disequilibrium values (D'), which express each estimate as a proportion of the maximum possible disequilibrium of that sign for a population with the observed marginal frequencies (Asmussen & Basten 1995) 
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where min D and max D are the minimum and maximum possible values, respectively, of the disequilibrium D). The disequilibrium terms used here are those originally defined by Asmussen et al. (1987) , with the more mnemonic notation introduced by Asmussen & Basten (1994) Continuing through Table 3 , we find that these same basic patterns are evident at the intermediate sampling scale as well (ni=i70 and ni=i48). For example, all nuclear markers but chromosome 1 in the eastern (ni=i70) subsample and chromosome 6 in the western (ni=i48) subsample, show significant (Pi<i0.05) to highly significant (Pi«i0.01) departures from Hardy-Weinberg genotype ratios in the direction of heterozygote deficiency, and the F5 haplotype has strongly significant positive associations The allelic and homozygote cytonuclear disequilibria at the smallest scale (quads 8 and 15 considered individually) exhibit the same sign patterns and often comparable normalized values to those at the two higher sampling levels. Statistically, however, the results differ in that very few of their 30 disequilibrium estimates deviate significantly from a no-association hypothesis. The general lack of significant deviation from Hardy-Weinberg frequencies is not unexpected because it suggests these two quadrats are at the scale of the single random mating units identified in Sites et al. (1995) , as desired; the single exception is chromosome 2 in quad 15 which still shows a highly significant heterozygote deficit (Pi«i0.01). In contrast to the significant linkage disequilibria found at this scale in the prior nuclear study, however, only two of the 24 cytonuclear associations in these two quadrats are significantly different from zero, and both of these are for chromosome 2 in quad 8 (D A M and D BB M ). The biological significance of the varied statistical results for the two individual quadrats is unfortunately confounded by their high standard errors, which indicate that the small sample sizes at this scale (ni=i16 and 18) are at or below the limits of statistical power to detect nonrandom cytonuclear associations.
Although not presented here, results for the other single quadrats containing 10 or more lizards and some hybrid or backcross genotypes (5, 9-11, 13, 14, 16, 17, 21, and 23) were similar to those for quads 8 and 15. Very few cytonuclear disequilibria were statistically significant, and in each case either the sample sizes were low or the marginal frequencies extreme. Because of their consequent lack of statistical power, these other individual quadrats were omitted from further analysis (data available from the authors upon request).
Fitting hybrid zone models to data
The recursions describing the dynamics of cytonuclear disequilibria in hybrid zones show that, in the absence of genetic drift or nonrandom forces such as migration, assortative mating, or natural selection, cytonuclear disequilibria will rapidly decay to zero (see Asmussen et al. 1987) . Unless the Tulancingo contact is very recent (on the order of 10-20 generations old, see Sites et al. 1995) , one or more of these forces is likely to be operating in this zone. The procedures and programs developed by Asmussen et al. (1989) were used to determine the extent to which the data from the different sampling scales could be accounted for by continued gene flow from the parental races. This was carried out by fitting the equilibrium frequencies for a hierarchical set of migration models (with/without assortative mating in the zone by the parental genotypes) to the observed cytonuclear genotypic counts. In the simplest model, without assortative mating, matings are assumed to be random with respect to cytonuclear genotype. In the model with assortative mating, mating preferences are assumed to be determined by an epistatic interaction between the cytoplasmic and multilocus genotype of each chromosome race (refined epistatic mating), with pure F5 (AA/AA/AA/M) and pure FM2 (BB/B d B d /BB/m) females preferentially mating with males of their own race with probability α and β, respectively, and otherwise mating at random. All hybrid females are assumed to mate at random with regard to cytonuclear genotype. Both formulations incorporate migration by assuming that each generation a fixed fraction m 1 of the hybrid population consists of migrants from species 1 (pure F5, AA/M) and a fixed fraction m 2 are migrants from species 2 (pure FM2, BB/m), with the remaining portion, 1 -m 1 -m 2 , derived from the existing residents of the hybrid zone. Further, common assumptions are that census taking is after migration and before mating, there are no fertility or viability differences among the cytonuclear genotypes, the cytoplasmic marker is maternally inherited, the hybrid zone is large so that the effects of drift can be ignored, and the population has discrete, nonoverlapping generations.
Within each model, the parameters whose equilibrium frequencies best fit the data provide maximum likelihood estimates for the fraction of hybrid zone residents that derive each generation from the F5 (m 1 ) and FM2 (m 2 ) races, and (in the model with refined epistatic mating) for the mating fidelities, α and β, of F5 and FM2 females, respectively. Estimates were obtained for each chromosome separately as well as for the multichromosomal data set as a whole. None of the G-tests of heterogeneity among the three chromosomes is significant, indicating that the estimates are concordant across loci in all cases. We consequently present only the multichromosomal results in Table 4 . This includes the G-test for heterogeneity (Het.), the parameter estimates, and the G-test statistics measuring the difference in fit between the two models (see Asmussen et al. 1989 ; for further details). At no sampling level is there a need to invoke assortative mating in addition to continued gene flow from the two parental races. In each case, either the G-test indicates that the expected counts under migration alone do not deviate significantly from the observed counts, or the diff(G) test indicates that the fit is not significantly improved by the inclusion of assortative mating. In all cases then, the best fitting of the two migration models is the one with migration alone, with hybrid zone matings random with respect to cytonuclear genotype.
Under the best fitting migration rates for the total sample, ≈ 46% of the lizards in the hybrid zone are immigrants each generation, and the estimated amount of gene flow into the zone is nearly symmetrical, with m 1 = 0.24 and m 2 = 0.22. However, the residuals, which measure the deviation between observed counts and those expected under the parameter values of the best-fitting model, are highly significant for the multichromosomal data set as a whole (P « 0.01, Table 4 ), as a result of highly significant residuals (P « 0.01) for chromosomes 2 and 6 analysed separately (data not shown). The poor fit to the sample as a whole is not surprising inasmuch as its spatial structure violates the model's assumption that the hybrid zone is a single random mating population. 
